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e−
)
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µ−
)
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ντ
τ−
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τ+ =
(
0 1
0 0
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, τ− =
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0 0
1 0
)
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µsinθW
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jYµ
2
)Zµ
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✫❁▼
❃❋✮✸❀❂✲❁❀❂❊✇✷❈✮❙❚❬■❈❀❂■✹❚❻◗❂❚
①✽◗❂■✯P❆✲✬❃❄❃❋✮✸❊❄❩✦✲✬❀❂✳✔❿
φ1 = υ
✮❭✼
φ2 = 0
✫✦❐
❀❅❘✸P❆❃❄■❈✼❱✳✶✲✬❀❂P
φ(x) =
√
1
2
[υ + η(x) + ıξ(x)]
➆
✪✬✫♣❲➄✌
➍
✲✬Û➢✷❈✮✻✼❄✮✸❃❋❚❬✮
η(x) + ıξ(x)
❃❋✮✸❩❂❃❋❘✸❊❋✮✸❀✜✼❖✮s✷❈✮✸❊♠➽↔◗❂P❆✼❄◗↔✾❫✼❄■✹✲✬❀❂❊❇①✽◗↔✾❁❀✜✼❖■❈①✽◗❂✮✸❊✆✾❫◗✶✼❖✲✬◗✶❃❏✳❂✮✱P✸✮✱❚❬■❈❀❂■✹❚s◗✶❚
✫❂❐
❀
❘❆P✸❃❄■✭✼❱✳❂✮▲❀❂✲✬◗✶❪❁✮➁✾❁◗✛✷✹✮✽ ✓✾❁❀❂❑✬✾❁❀❂❑✬■❈✮✸❀➍✧
L′ =
1
2
(∂µξ)
2 +
1
2
(∂µη)
2 + µ2η2 + const
➆
✪✬✫➎❲
✡✜➍
✲✬Û⑩✲❁❀⑩❀❂❘✸❑✬✷❈■✹❑✬❘✱✳❂✮✸❊❾✼❄✮✸❃❋❚❬✮❆❊❾✳❂✮
η
✮❆✼
ξ
✳➑➐➎✲❁❃❄✳❂❃❋✮✸❊✆❊❄◗✶❩✍❘❆❃❄■✹✮❆◗❂❃❄❊
✫✓❐
❀➢❪✬✲✬■✭✼✆①✽◗❂✮✒P✸✮✃ ✓✾❁❀✶❑✬❃❖✾❁❀✶❑✬■✹✮❆❀➢✳❂❘✸P❆❃❄■✭✼✆◗❂❀
P
❨
✾❫❚❬❩
η
①✽◗❂■❢✾♥❚❬✾❁■✹❀✜✼❖✮❆❀↔✾❁❀✜✼▲◗❂❀➂✼❖✮❆❃❄❚✣✮✒✳❂✮✒❚❬✾❁❊❄❊❋✮✣✮❭✼
mη =
√
−2µ2 ✫ ✁❴◗➂✳❂❘❆❉❂◗✶✼✻✳❂◗✆ ✥✾❫❑✬❃❖✾❁❀✶❑✬■✹✮❆❀⑩✲✬❀
❪❁✲✬■❈✼❏✷✹✮✆✼❖✮❆❃❄❚✣✮✱P❆■✹❀❂❘❭✼❖■❈①✠◗✶✮✻✳✶✮❻P✸✮✻P
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❨
✾❁❚❬❩
ξ
➥↔✲✬❀✔✾
✳❂✲❁❀❂P❻✮❆❀❂P✸✲✬❃❋✮s◗❂❀➢❊❋P➁✾❁✷✹✾❁■✹❃❋✮❁➥↔❊❄✾❁❀❂❊❴❚❬✾❁❊❋❊❄✮❁➥✦①✽◗❂■✤✮❆❊❋✼❴P✸✲✬❀❂❀✽◗➢P❆✲✬❚✣❚❬✮➥✴❆❉✦✲✬❊❄✲✬❀✛✳❂✮
à
✲✬✷❈✳❂❊❋✼❄✲✬❀❂✮❬✴
✫➣❤
✮❆✷✈✾✣✮✸❊❋✼❾◗❂❀
✮➃③✶✮❆❚❬❩✶✷✹✮➏✳✶◗☛✼
❨
❘❆✲✬❃❄✵❆❚❬✮✣✳❂✮
à
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✼❄✮✸✷✓❉✍✲❁❊❄✲✬❀●❀➑➐➎✾✣❩✦✲✬◗❂❃◆✼✿✾❁❀✜✼✤❵❄✾❁❚❬✾❁■✹❊❙❘❭✼❖❘▲✲✬❉❂❊❋✮✸❃◆❪✬❘➥✧↔✮❆❀✔P
❨
✮❆❃❄P
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✫
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❊◆t✴❚✣❘❆✼❄❃❄■❈✮❙✺
②
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✌
➍➃➥❫❩↔✾❫❃❄P✸✮Þ✟♠①✽◗❂✮✐P❆✮❆✼❋✼❖✮❛❩✶❃❄✲✬❉❂✷❈❘✸❚❬✾❫✼❖■❈①✽◗❂✮❛✾❇✮✸◗✒P❆✲✬❚❬❚✣✮❢❚❬✲❫✼❖■❈❪❫✾❫✼❄■✹✲✬❀▲✷✹✾❏❚❬✾❁❊❄❊❋✮✇➬↔❀❂■❈✮❛✳❂✮❆❊✤❉✦✲✬❊❄✲❁❀❂❊
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❤
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L = (∂µφ)†(∂µφ)− µ2φ†φ− λ(φ†φ)2 ➆ ✪✬✫♣❲✬❲ ➍
✲✬Û
φ
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φ =
(
φa
φβ
)
=
√
1
2
(
φ1 + ıφ2
φ3 + ıφ4
)
➆
✪✬✫♣❲✽❜
➍
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φ→ eıαa(x)τa/2φ ➆ ✪✬✫♣❲✜❦ ➍
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∂µ
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Dµ = ∂µ + ig
τa
2
W aµ
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Total significance
 5 σ
  ∫ L dt = 30 fb-1
 (no K-factors)
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▼
❆Ô✇❱✜✬❀❩✿❛✜✬✿❲✧❢✩✒✹✻✺✮✿❬✧★❆❁✧✪✫✮✥r✣✮✜▲✧✪✭✪✹✻❆❁✿❛✩✬✹❑✫✮✭✪✹✻✺✦✺✮✜✬✿✒❘✢✩
◆
✵❑✩✬✫✦✺✮✜q✩✬✹✻✺✮✿❬✧★❆❊✧★✫✮✥✒✜r✣✮✜r✣✮✜✬✫❣✇❦✭✪✹❑✫✮✜✬✿♥✩✒✹✻✺✮✩✬✜✒✺❈✧★✭✪❆❁P◗✫✮✜✬✿✒❳
✉
❀❁❀❩✜✬✿
✿❲✹✻✺❈✧
▼
❀t✵❑✩✒✥✬✜✬✿✡✜✒✺◗✧✪✭✪✜✷ó❖❦r✜✒✧
✳
❝▲✩✬❏ô✜✬✺①×✷✜✍✧✤♣q✣✦✜✬✿✡✭★✵
❖
✹❑✺✮✿✤✜✒✺❈✧★✭✪✜❧❦q✜✒✧✷➸✗❝▲✩✬❏①❳
Û❥Ü❁Û❥Ü➆Ý✽Ü❁Û Þ✏ß❈à➅á❣â❑à➅á❣ã❼ä❡å♥♠ ç➆â✻ä✗♦➔æ➫ç➆ê✒à❵á❱êq♣❼á❦ê✒á❣♠➉çsr★â❫♦✉t✴♣❼ã➫â❑à❵á❱ã✆ä❤ê
ë
✜✏✣✮✥✒✧✪✜✬✩✍✧★✜✬✫✦✭■♣❞❏❡❆❩✩✒✭✪✹
▼
❆❁✿❲✧✪✜✬✿▲✣✮✜✏✿❲✜✬❏❡❆❊ï ✩✬✹✻✺✮✣✦✫✮✩✒✧✪✜✬✫✮✭❲✿①➌
✱
Ó
✯
▼
✹✻✫✦✭
✱
✜✬❏❡❆❊ï÷Ó❃✹✻✺✮✣✮✫✦✩✒✧★✹❑✭
✯
✭✪✵❑✩❃❤❑✜✒✭❭➍▲✜✬✿❬✧
✩✒✹✻✺✮✿❲✧✪❆❁✧✪✫✮✥r✣✮✜▲❏❡✹❱✣✦✫✮❀❩✜✒✿❛✣✮✜r✿❲❆❩❀❩❆❁✩✬❆❁✫✮❏✐❘✽✿❲✫✮✭♥❀❩✜✒✿✪P◗✫✮✜✒❀❩✿✲✿❲✹✻✺❈✧❢❆❩❏
▼
❀t✵❑✺❈✧✪✥✬✜✬✿✤✣✮✜✬✿♥❏❡❆❩✩✒✭✪✹
▼
❆❩✿❲✧✪✜✬✿✤✣❥❄❇✫✦✺✮✜r❀❩✹✻✺✦●✻✫✮✜✬✫✦✭
✵❑❀❁❀t✵❑✺❈✧✖♦❲✫✮✿❲P❣✫❅❄❫♣ ➸❽Ù
✳
❏❡❏ ✜✍✧▲✣✮✜✈❥❫❡
µ
❏ ✣✦✜✗❀t✵❑✭❲●✻✜✬✫✦✭✬❳✆ì➐❀
▼
✜✬✫❱✧❪Ö➢✹✻✫✮✭❲✺✮❆❩✭✷✜✬✺➉❏❍✹
❖
✜✒✺✮✺✮✜✗P◗✫✽✵❤✧★✭✪✜
▼
✹✻❆❁✺❈✧★✿✷✣✮✜
❏❡✜✬✿❲✫✮✭✪✜q✣✮✜
▼
✭❲✥✬✩✬❆❁✿✪❆❁✹✻✺
▼
✹✻✫✦✭♥✩
◆
✵❑P◗✫✮✜q✧★✭★✵✾✩✬✜✐➌➂P◗✫✽✵✾✧✪✭✪✜✒✿✷❏❡✜✬✿❲✫✮✭✪✜✒✿❢✜✬✺♥✇✻î ✹❑✫
◆
✫✮❆❊✧❢❏❍✜✒✿✪✫✮✭❲✜✬✿✷✜✬✺❧Ù❑î♥➍✲✜✍✧í✿✪✵
❉✽✺✦✜▲●✻✭★✵✾✺❣✫✦❀t✵❑✭❲❆❁✧★✥
▼
✜✬✭✪❏❡✜✒✧❛✣❥❄❇✵➅❴❑✹✻❆❩✭✤✫✮✺✮✜▲✭❲✥✬✿❲✹✻❀❩✫✦✧✪❆❩✹✻✺✐✿
▼
✵❤✧★❆t✵✾❀❩✜❢✣✮✜✗➸
✳
µm
✜✬✺
Rφ
✜✒✧❛✣✮✜①❝❞❥❞❡
µm
✜✬✺❦×✾❘✶✩✒✜
P◗✫✮❆
▼
✜✒✭✪❏❡✜✒✧✪✧✪✭★✵❪❀❩✵í✭❲✜✬✩✬✹❑✺✮✿❲✧✪✭✪✫✮✩✍✧★❆❩✹❑✺✗✣✮✫✗❴✻✜✒✭❲✧✪✜✍✇
▼
✭✪❆❩❏❍✵❑❆❁✭✪✜❑❳◗î❛✵❑✺✮✿✖❀❁✜✤✧★✹❑✺✮✺✮✜❵✵✾✫❥❘❱❀❁✜❛✣✮✥✍✧★✜✒✩✒✧★✜✒✫✮✭❚✜✬✿❬✧❚✩✬✹❑✺✮✿❲✧✪❆❁✧★✫✦✥
➒➔➓✒→❽➣➂↔➂↕❽➙✐➛✦➜❇➛①➝✦➞✷➓❭➟❸→❭➠✪↔❫➡❻➣➆↔➢↕❽➙❦➤❝➥■➤✮➦❽➣➐➓✬→❽➣➐➓❽➥❑➠✸➧❛➨➫➩✢➧♥➒ ➭③②
Envelopes
Pixel
SCT barrel
SCT end-cap
TRT barrel
TRT end-cap
255<R<549mm
|Z|<805mm
251<R<610mm
810<|Z|<2797mm
554<R<1082mm
|Z|<780mm
617<R<1106mm
827<|Z|<2744mm
45.5<R<242mm
|Z|<3092mm
Cryostat
PPF1
Cryostat
Solenoid coil
z(mm)
Beam-pipe
   Pixel
support tubeSCT (end-cap)
TRT(end-cap)
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8
Pixel
400.5
495
580
650
749
853.8
934
1091.5
1299.9
1399.7
1771.4 2115.2 2505 2720.20
0
R50.5
R88.5
R122.5
R299
R371
R443
R514
R563
R1066
R1150
R229
R560
R438.8
R408
R337.6
R275
R644
R1004
2710848
712
PPB1
R
a
d
i
u
s
(
m
m
)
TRT(barrel)
SCT(barrel)
Pixel PP1
3512
ID end-plate
Pixel
400.5 495 580 6500
0
R50.5
R88.5
R122.5
R88.8
R149.6
R34.3
➯☞➲❷➳❚➵
Ù❱❳④✇
❾✈⑤⑥❉①⑦✾➚⑧❊✬➪
➽
➼✻➚❡➼❖❀
➽
➻❭➾
➽
➻★➚❈➪
❇
❉
➽
➻★➪❈❉◗➻
❴❛❵✣❜➂➹
➺⑨❏❛❊✳❪✻➻■⑩◗❄❵➪
❇❍❶
❄✰❉
➽
❊✣❆Ô➻✸➾❃❄❵➪➐➪÷➻❃❂
▼
❄✰❉◗➼❙❷✁❆❑❏❛❊✳❪❈➻
❶
➻
➽
❆❑❏❛❊✳❪❈➻
▼
➻★➪
▼
➻✫❉❫❸
➼✻➚◗➾
❇
❆❋❊
❇
➪÷➻✒❊✬➚
▼
❆❋❊✣❉❹❪
❱
Ï❽➹
✣✮✜❛P❣✫✮✵✾✧★✭❲✜✬✿✖✩✒✹✻✫✮✩
◆
✜✒✿✬❘✽♣❪✫✦✺✗✭★✵
❖
✹❑✺✏✣✮✜❢Ù❞❦❫❦❱❘❣✇❫❺❱➸✻❘❣ó✻ó❖✇í✜✍✧❯❝❱➸✬ó▲❏❍❏①❳
ë
✜✬✿✡Ù❣➸✻➸❽Ù✷❏❡✹❣✣✮✫✮❀❩✜✒✿☞✣✦✫✗✧★✹✻✺✮✺✦✜❵✵❑✫✗✿❲✹✻✺❈✧
Ö➢✹✻✭❲❏❍✥✒✿✰✣✮✜❚✣✮✜✒✫❱✇
▼
❀t✵✾✺✮✿✰✣✮✜❚✿✪❆❁❀❩❆❁✩✬❆❩✫✦❏ ✣✦✜
6×13 cm2 ❘❑✩✬✹✻❀❁❀❩✥✬✿❺✣✮✹✻✿❋♣♥✣✮✹✻✿✒❳❣Ó ◆ ✵❑P◗✫✮✜ ▼ ❀t✵✾✺❡✜✒✿❲✧❯✫✮✺❡✵❑✿❲✿✪✜✬❏❪❂✮❀t✵❑●❑✜
✣✮✜✷✣✮✜✒✫❱✇①✣✮✥✒✧✪✜✬✩✍✧★✜✬✫✦✭✪✿✬❘❝✣✮✥✒✩❵✵❑❀❁✥✬✿✡✣❥❄✴✫✮✺❞✵❑✺✦●✻❀❩✜♥✿❬✧★✥✬✭❲✥✬✹❍✣✮✜❢ó❖❡ ❏❡✭★✵✾✣❥❘✮✩✬✜✷P◗✫✮❆
▼
✜✬✭✪❏❡✜✒✧✸✣❥❄✴✹✻❂✦✧✪✜✬✺✮❆❁✭✡✫✮✺✮✜❢❏❍✜✒✿✪✫✮✭❲✜
✣✮✜❛×❛✜✒✧❃✣❥❄❇✵❑❏❍✥✒❀❩❆❁✹✻✭✪✜✒✭❯❀❩✵í✭❲✥✬✿✪✹❑❀❩✫✦✧✪❆❩✹✻✺❍✜✬✺
Rφ
❳✦Ó
◆
✵❑P◗✫✮✜♥✥✒✩
◆
✜✬❀❁❀❩✜❛✣✦✫■✧★✹✻✺✦✺✮✜❵✵❑✫✏✩✒✹✻❏
▼
✹✻✭❬✧★✜✷➸❽Ù✷❏❡✹❣✣✮✫✮❀❩✜✒✿✬❳❣ñ➫✹❑✫✮✭
✵❑✿❲✿✪✫✮✭❲✜✬✭í✫✮✺✮✜❡❂✶✹✻✺✦✺✮✜
◆
✜✬✭✪❏❡✥✒✧✪❆❩✩✒❆❁✧★✥✾❘❥❀❩✜✒✿í❏❡✹❣✣✮✫✮❀❩✜✒✿♥✿✪✹✻✺❈✧í✣✮✜✬✩✬✵❑❀❩✥✒✿❪✵✾❀❁✧★✜✒✭✪✺✽✵❤✧★❆❁❴❑✜✬❏❡✜✬✺❈✧✷✣✮✜ ±1mm ✣✮✫➉✭✪✵ ❖ ✹✻✺
✺✮✹❑❏❍❆❁✺✽✵❑❀✮✜✍✧☞❀❁✜✬✿❋✥✬✩
◆
✜✬❀❩❀❁✜✬✿❯✿✪✹✻✺❈✧☞❆❩✺✮✩✒❀❩❆❁✺✮✥✬✜✒✿✰✣❥❄❇✫✦✺✗✵❑✺✮●❑❀❩✜❚✣✮✜✷➸✡❡♥✣✮✜✬●❑✭✪✜✬✿☞✜✬✺
φ
❳◗î✲✵✾✺✮✿☞❀❩✵
▼
✵❑✭❲✧✪❆❩✜✡❂❝✹✻✫✮✩
◆
✹✻✺✦✿✬❘◗❆❩❀
❖
✵✷➸✡❦❖❺
✳
❏❍✹❣✣✮✫✮❀❁✜✬✿❼✿✪❆❊✧★✫✮✥✒✜✬✿❺✿❲✫✮✭✴❦✤✩✬✹❑✫✮✭✪✹✻✺✦✺✮✜✬✿✰♣✡✣✮✜✒✿❻✣✮❆❩✿❬✧❭✵❑✺✦✩✬✜✬✿➫✜✬✺❈✧★✭❲✜✄❥❫❡✸✜✒✧❻Ù❞❥❫❡✡✩✬❏①❘❤✵➅❴❑✜✬✩✖✫✦✺▲✭✪✜✒✩✬✹✻✫✦❴❣✭❲✜✬❏❡✜✬✺❈✧
✿❲✫✮✭✡✩
◆
✵❑P◗✫✮✜✷✩✬✹✻✫✮✭❲✹✻✺✮✺✮✜✷✣✮✜❢óq❏❍❏①❘
▼
✹✻✫✮✭✡✵✾✿✪✿✪✫✦✭✪✜✬✭✸❀✈❄
◆
✜✒✭✪❏❡✥✒✧★❆❁✩✬❆❊✧★✥❛✣✮✵❑✺✮✿✡❀t✵r✣✮❆❁✭✪✜✬✩✍✧★❆❁✹✻✺✏✭★✵❑✣✦❆t✵❑❀❁✜❑❳
Û❥Ü❁Û❥Ü➆Ý✽Ü
➭
Þ✏ß❈à➅á❣â❑à➅á❣ã❼ä❡å③ä✏❻❖❼✉♦✉t✴t✆á⑧♠➉á⑧t✶à❽♣❼á✐à➅ä✗❻✽t➫ê✬ç➢à❽ç❑♦✉t
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❖
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▼
❀❩❆❁✜✲✣❥❄✴✫✮✺
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▼
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▼
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▼
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▼
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❖❱▼
✭✪✹
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❀❩❨✒✺✮✜✡➀
▼
✹✻❀
❖
✥✒✧
◆❈❖
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▼
✵❑✭❬ï
✧✪❆❩✩✬✫✦❀❩✜✬✿❃✩
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❀❁✜
ç
✥✒✺✮✹✻✺❥❘
▼
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▼
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▼
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➪
❇
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❱
▲
❊
❇
❂✄⑦✾➚
❇
❉◗➻❛➾❃❄❵➪➐➪÷➻❃❂
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❄✰❉◗➼❈➻✫❉
➽✄▼
❊✰❂■❊✬➚
●
➻★➪
➽
➻☞❪✗➼✻➚✈➪
❇
❬✡❬✗❂
❱
➼◗❊✣❉◗❂✝❆Ô➻✲➾✍❊✰❂➧ì➲❂✔❊✣❉◗❂
▼❖❇
❆Ô➻☞❸➢➚
▼❫í
❱
❊
●
➻❭➾❛➚❖❉❽❉◗❄
▲
➚❈➪÷➻
▲
❄✍ç❽➻✫❉■➼❈➻■Ý❽Þ ➼❈➻➸❭
➹
❭❫❲
➹
à➁❻✽é❑♦➔ä✾ç➆♠➷á❈à➅ä❽áè❻❖➈✸❻✸t✶à
ë
✜❍✩❵✵❑❀❁✹✻✭✪❆❁❏❍✥✍✧★✭✪✜❡✵❵❴✾✵❑✺❈✧
➔
❦✶→☞✩✬✹✻✫✦❴❣✭❲✜✗❀t✵✔✭✪✥✒●✻❆❩✹✻✺❧✣✮✜
▼
✿✪✜✬✫✦✣✮✹✻✭★✵
▼
❆❩✣✮❆❊✧★✥❍✣✮✜
3.1 <
|η| < 4.9 ✜✒✧ ▼ ✜✬✭❲❏❍✜✍✧q❀t✵❜❏❡✜✬✿❲✫✮✭✪✜✏✣✮✜✏❀➆❄❇✥✒✺✮✜✬✭❲●✻❆❩✜❍✣✮✜✬✿❛♦❲✜✍✧★✿▲✧★✭❲❨✬✿ ▼ ✭❲✹❱✩ ◆ ✜✬✿r✣✮✜✏❀➆❄❫✵❤✇❱✜✗✣✦✜✬✿q✩✬✹✻❀❁❀❩❆❁✿✪❆❩✹❑✺✮✿í✜✍✧r✣✮✜
❀➆❄❇✥✒✺✮✜✬✭❲●✻❆❩✜✐❏■✵❑✺✦P❣✫✮✵❑✺❈✧★✜❑❳
ë
✜❜✣✮✥✒✧✪✜✬✩✒✧✪✜✬✫✮✭✔✜✒✿❲✧✏✿❲✥
▼
✵❑✭❲✥❦✜✬✺➱P◗✫✽✵✾✧✪✭✪✜❦❏❡✹❱✣✮✫✦❀❩✜✬✿❍✫✦✧★❆❁❀❩❆❁✿★✵❑✺❈✧❍✣✮❆❁Ú✶✥✬✭❲✜✬✺❈✧★✿✗❏❡❆❩❀❁❆❩✜✒✫❱✇
✵❑❂✦✿✪✹✻✭❲❂✽✵❑✺❈✧★✿✒❳
ë
✜
▼
✭✪✜✒❏❍❆❁✜✬✭❢✫✦✧✪❆❩❀❩❆❁✿✪✜▲✣✦✫➉✩✬✫✦❆❁❴❣✭✪✜q✜✒✧í❀❩✜✒✿❢✣✮✜✬✫❱✇❧✿❲✫✮❆❁❴✾✵❑✺❈✧★✿✷✣✮✫♠✧★✫✮✺✦●✻✿❲✧✪❨✬✺✮✜✾❘➫P◗✫✮❆❋✜✬✿❬✧❪✫✦✺➉❏❡❆❩❀❩❆❁✜✬✫
✧✪✭✪❨✬✿❡✣✮✜✒✺✮✿✪✜①✜✒✧
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✜✬✭✪❏❡✜✒✧❡✣❥❄❇✵❑✭❲✭✪❙✒✧✪✜✬✭q❀❩✜✒✿q●✻✜✬✭❲❂✶✜✒✿❡✣✦✜
◆
✵✾✫✦✧★✜✔✥✬✺✦✜✬✭✪●❑❆❩✜✔✜✒✧❡✣❥❄✴✥✒❴❣❆❁✧✪✜✬✭q❀❩✜✒✿rÖ➢✫✮❆❁✧✪✜✬✿r✣❥❄✴✥✬✺✮✜✒✭✪●✻❆❁✜✔✜✬✺
✣✮✜
◆
✹✻✭❲✿❪✣✮✫❧✣✮✥✒✧✪✜✬✩✒✧✪✜✬✫✮✭✒❳
✯
✹✻✫✮✿í❀❩✜✬✿❢❏❡❆❩❀❁❆❩✜✬✫❣✇♠✵❑❂✮✿❲✹✻✭✪❂✮✵❑✺❈✧★✿❪✣✦✹✻❆❁❴❑✜✬✺❈✧❪❙✍✧★✭❲✜■✭✪✥✒✿✪❆❁✿❲✧❭✵✾✺◗✧✪✿▲✵❑✫❣✇③❆❩❏
▼
✹✻✭❬✧❭✵❑✺❈✧✪✜✬✿❢✭★✵❤ï
✣✮❆❩✵✾✧★❆❁✹✻✺✮✿❚✣✮✜✷✩✬✜✍✧✪✧✪✜❪✭✪✥✒●✻❆❩✹❑✺✐✣✮✜
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✜▲✣✦✜qÖ➢✹❑✺✮✩✒✧✪❆❩✹✻✺✮✺✦✜✬❏❡✜✬✺❈✧♥✜✬✿❬✧✷❀✈❄✴✫✦✧★❆❁❀❩❆❩✿✪✵✾✧★❆❁✹✻✺①✣❥❄❇✫✦✺✮✜
❏❍✵✾✧★✭❲❆❩✩✒✜❡✣❅❄❫✵❑❂✦✿✪✹✻✭❲❂✶✜✒✫✮✭✪✿✒❘
▼
✜✬✭❲✩✬✥✬✜❍✣✮✜❍✧✪✭✪✹✻✫✦✿í✩
❖
❀❁❆❩✺✮✣✦✭✪❆❩P◗✫✮✜✒✿✬❘✆✭✪✜✒❏
▼
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✵❑✭í✣✦✜✬✿í✧✪✫✮❂❝✜✬✿í❉✮✺✮✿❪✣✮✜❡❀✈❄❇✵❑❂✮✿❲✹✻✭✪❂❝✜✬✫✦✭
✣✮✥✍❉✽✺✮❆❁✿✪✿★✵✾✺◗✧í✫✮✺✮✜❡✩✬✹❑✫✮✩
◆
✜❍✧✪✭✪❨✒✿✷❉✽✺✦✜❍✣❥❄❇✵❑✭❲●✻✹✻✺③❀❩❆❩P◗✫✮❆❁✣✮✜❑❳
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▼
✜✬✫
▼
✭❲❨✬✿
∆η ×∆φ = 0.2× 0.2 ❳
➘✖➴✈➘❚➴➆î Ï✄ïí❐✢❒❝✃❣❰✸Ø⑥ÓðÒ❅✃❣❰✮❐éñòÓ ❮✁Ø❋Ñ✁Ñ
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❏■✵✾●✻✺✮✥✒✧✪❆❩P◗✫✮✜①✧★✹✻✭❲✹❞ô ✣✽✵✾❀✸P◗✫✮❆✤✣✮✥✒❉✮✺✮❆❁✧■✫✮✺ ✩
◆
✵❑❏
▼
❏❍✵❑●✻✺✮✥✍✧★❆❁P❣✫✦✜☞✹✻✭❬✧
◆
✹❑●✻✹✻✺✽✵❑❀◗✵✾✫❪✩
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✵❑❏
▼
✵❤✇❱❆❩✵❑❀❝➌➂✣✮✫❪✿✪✹✻❀❁✥✬✺✮✹❞ô✈✣✮✜➅➍❸❘➅Ö➢✹✻✫✮✭✪✺✦❆❁✧❼✫✮✺✮✜☞❏❍✜✒✿✪✫✮✭❲✜
▼
✭❲✥✬✩✬❆❁✿✪✜☞✣✮✜☞❀➆❄❇❆❁❏
▼
✫✮❀❩✿❲❆❩✹✻✺
✣✮✜✒✿❻❏▲✫✮✹❑✺✮✿❺✿❲✫✮✭❺✫✮✺✦✜❃❀t✵✾✭✪●✻✜❯●❈✵❑❏❡❏❍✜❋✣❥❄✴✥✬✺✦✜✬✭✪●❑❆❩✜❃✜✍✧❻✣✮✜
▼
✿✪✜✒✫✮✣✮✹✻✭✪✵
▼
❆❁✣✮❆❁✧✪✥❑❳
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✵✸✩✬✹✻✫✦✭✪❂✮✫✮✭❲✜✖✣✮✜☞❀t✵✸✧✪✭★✵❽♦❲✜✒✩✒✧✪✹✻❆❩✭❲✜☞✣✮✜✒✿
❏▲✫✦✹✻✺✮✿❃✜✒✿❲✧✖✵❑✿✪✿❲✫✮✭✪✥✒✜
▼
✵❑✭❯✫✮✺✗✿
❖
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◆
✫✮❆❊✧✖✵❑❆❁❏■✵✾✺◗✧❋✧✪✹✻✭✪✹❞ô✈✣✽✵❑✫❱✇❡✣✮✵❑✺✮✿❃❀❁✜✡✣✮✹✻❏❍✵❑❆❩✺✮✜✡✣✮✜
▼
✿✪✜✒✫✮✣✮✹✻✭✪✵
▼
❆❁✣✮❆❁✧✪✥
|η| < 1.4 ✜✍✧ ▼ ✵❑✭❋✣✮✜✬✫❱✇qÖ➢✹❑❆❩✿ ◆ ✫✮❆❁✧☞✵❑❆❁❏■✵❑✺❈✧✪✿✰❆❩✺✮✿❲✥✬✭✪✥✒✿☞✣✮✵❑✺✮✿❯❀❩✜✬✿❋❂❝✹✻✫✮✩ ◆ ✹❑✺✮✿☞✣✦✫❍✧★✹❑✭✪✹❞ô✈✣✮✜ ▼ ✹❑✫✮✭✡➸✻❳❇ó < |η| < Ù❱❳✦❺❱❳
î✲✵✾✺✮✿▲❀t✵①✭✪✥✒●✻❆❩✹✻✺➉❆❩✺❈✧★✜✒✭✪❏❡✥✬✣✮❆❩✵❑❆❩✭❲✜❡❀❁✜✬✿í✩
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▼
✿▲❏❍✵❑●✻✺✮✥✍✧★❆❩P◗✫✮✜✒✿❪✣✮✜✒✿▲✣✮✜✒✫❱✇ ✣✦❆❩✿
▼
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❇
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◆
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◆
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◆
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P◗✫✮❆✆✿✪✹❑✺◗✧
▼
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◆
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▼
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▼
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✳
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% ▼
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<
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% ▼
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% ▼
✹✻✫✮✭❚✣✦✜✬✿✸❆❩❏
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✫✮❀❩✿❲❆❩✹✻✺✦✿❃✣✮✜❢❀✈❄✴✹✻✭❲✣✮✭✪✜♥✣✮✫
✯
✜✭➂➴➀✾✩✾❳
✷③✷ ✹✻✺✽✼✬➡❅↔ ➣➂➠✍➓✲➛✏➝✮➩❺➓❢➤✮➦❽➣➐➓✬→❽➣➐➓❽➥❑➠✸➧❛➨➫➩✢➧♥➒
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➓
✯✡ë
➓
✱
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✩✒✹✻❀❩❀❁❆❩✿✪❆❁✹✻✺✮✿✸✜✬✿❬✧
▼
✭✪✹❣✩
◆
✜r✣✮✜✏➸❙↕❢Ò✤×
▼
✹✻✫✮✭❛✣✮✜✬✿❢❀❩✫✦❏❍❆❁✺✮✹✻✿✪❆❊✧★✥✒✿✤✣✮✜r❀➆❄❇✹❑✭✪✣✮✭❲✜❪✣✮✜
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▼
❆❩❏
▼
✹✻✭❲✧★✵❑✺❈✧❃✜✍✧✡❆❩❏
▼
✹✻✿❲✿✪❆❁❂✮❀❩✜✤♣r✵❑✺✽✵❑❀
❖
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✿❲✹✻✺❈✧■✣✮✜✒✿
▼
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▼
✹✻✫✮✭q❀t✵
▼✮◆❈❖
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✯✡ë
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✱
❘
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▼
✭✪✹❑✧✪✹✻✺❱ï
▼
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▼
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▼
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➓
✯✡ë
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✱
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▼
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▼
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▼
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▼
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▼
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▼
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✹✻✫✮✭■✜✍Ú❅✜✒✩✒✧✪✫✮✜✬✭✗✫✦✺✮✜❞✿✪✥✒❀❩✜✒✩✒✧★❆❁✹✻✺✮✿❍P❣✫✦❆
✵❑●❑❆❁✧✡✿✪✫✦✭✤✣✮✜✒✿q⑧✍④
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➎í❆❁✿✪✹✻❀❁✥✬✿❚✜✬✺✐✫✦✧★❆❁❀❩❆❁✿★✵❑✺❈✧❚❀❩✵q●❑✭★✵❑✺◗✫✮❀❩✵❑✭✪❆❊✧★✥♥✩✬✹❑❏
▼
❀❁❨✒✧✪✜♥✣✮✫❜✩✬✵❑❀❩✹✻✭❲❆❩❏❡❨✒✧✪✭✪✜❑❳
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➈
➎
⑦
⑤
⑨
✜✒✧❪✣✮✜✬✿í❴❑✵✾✭✪❆t✵✾❂✮❀❩✜✒✿í✣✮✜❡Ö➢✹✻✭✪❏❡✜❡✣✮✜✗●✻✜✒✭✪❂❝✜
▼
✹✻✫✮✭❪✭❲✜÷♦❲✜✍✧★✜✬✭❪❀❩✜✬✿✖♦❲✜✒✧✪✿✬❳✻❿✤✺➉❉✽❀❊✧★✭❲✜
✣❥❄✴✥✒❴❑✥✬✺✮✜✒❏❍✜✒✺❈✧★✿r➌
✉❋Ø ≡ ✉ ❴❑✜✬✺❈✧ Ø ❆❩❀❁✧✪✜✬✭★➍❃✵❑✫✔✺✮❆❁❴❑✜❵✵❑✫➄✇r✩✬✹✻❏ ▼ ❀❁❨✒✧★✜♥❀❩✵▲✿✪✥✒❀❩✜✬✩✍✧★❆❁✹✻✺❥❳
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ç❑➈❝á◗❻✽ã Ý
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✜❢❂✮✫✦✧✤✣✮✜
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✭❲✜✬❏❡❆❩✜✬✭❚✺✦❆❁❴✻✜✬✵❑✫①✣✮✜í✣✦✥✬✩✬❀❁✜✬✺✮✩
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✜✬❏❡✜✬✺❈✧❛✜✒✿❲✧✤✣✮✜✷✿✪✥✬❀❁✜✬✩✍✧★❆❩✹❑✺✮✺✮✜✬✭✡❀❁✜✬✿❚✩❵✵✾✺✮✣✮❆❩✣✮✵✾✧★✿✡✥✬❀❁✜✬✩❸ï
✧✪✭✪✹✻❏❍✵❑●✻✺✮✥✍✧★❆❁P❣✫✦✜✬✿❚➌➢❆❩❀◗✺❥❄
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✵
▼
✵❑✿❻✣✮✜☞✿✪✥
▼
✵❑✭★✵❤✧★❆❩✹❑✺▲✜✬✺❈✧★✭❲✜✖❀❩✜✒✿❺✥✒❀❩✜✬✩✍✧★✭❲✹✻✺✮✿❻✜✍✧✰❀❩✜✒✿
▼✮◆
✹✾✧★✹✻✺✮✿
▼
✹❑✫✮✭❺❀❁✜❃❏❡✹✻❏❍✜✒✺❈✧❸➍✢P❣✫✦❆
▼
✹✻✫✮✭❲✭★✵❑❆❁✜✬✺❈✧❻Ö➂✵❑❆❁✭✪✜
▼
✵✾✭❲✧❋✣❥❄✴✫✮✺✮✜❚✿❲❆❩●✻✺✽✵❤✧★✫✮✭❲✜
▼✮◆❈❖
✿❲❆❩P◗✫✮✜✡❆❩✺❈✧✪✥✬✭✪✜✒✿✪✿✪✵❑✺❈✧★✜✸✜✒✧❋❆❩✺✦✣✮❆❩P◗✫✮✜✒✭❻✫✮✺✮✜
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∆η × ∆φ = 0.1 × 0.1 ✣✮✵❑✺✮✿❡❀❩✜①✩❵✵❑❀❁✹✻✭✪❆❁❏❍❨✍✧★✭✪✜✾❘✰✵ ▼✮▼ ✥✬❀❁❀❩✥✒✜✬✿q✧★✹✻✫✮✭❲✿❍✣✦✜
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▼
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✫✦✺✮✜☞✭❲✥✬●✻❆❁✹✻✺❢✣✮✜
2× Ù❚✧✪✹✻✫✮✭✪✿✒❳ ➓ ✩✒✜☞❏❡✹✻❏❡✜✬✺❈✧✆❀t♣❚✹✻✺ ▼ ✜✬✫✦✧❺✵ ▼✮▼ ❀❁❆❩P◗✫✮✜✒✭✢✫✮✺í❴❑✜✒✧★✹✤✿✪✫✮✭✆❀➆❄❇✥✒✺✮✜✬✭❲●✻❆❩✜✰✧★✭✪✵❑✺✮✿❬❴✻✜✬✭❲✿✪✜
✣✮✵❑✺✮✿✡✩✬✜✍✧✪✧★✜✷✭✪✥✒●✻❆❩✹❑✺✏✹✻✫✐✣✮✵❑✺✮✿✡❀t✵▲✿❲✹✻❏❍❏❡✜♥✣✮✜✒✿✡✧✪✹✻✫✮✭❲✿✸❀❁✜✬✿
▼
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▼
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▼✮▼
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▼
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❆❩●❡Ù❱❳❊➸✗❺✻➍✤②
❾
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▼
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2× 2 ✧✪✹✻✫✮✭❲✿❃✣✮✜✤✣✮✥✬✩✒❀❩✜✬✺✦✩ ◆ ✜✬❏❡✜✬✺❈✧❚✜✍✧❃P◗✫✮❆❝✩✬✹✻✺✦✿✪❆❩✿❬✧★✜
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❾
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▼
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▼
❀❁✫✮✿✡✥✬✺✮✜✒✭✪●✻✥✍✧★❆❁P❣✫✦✜✷✣✦✜✬✿✸P❣✫✮✵✾✧★✭❲✜✬✿✡✜✬✿❬✧✤✫❱✧★❆❩❀❁❆❩✿❲✥✬✜➅➍
❾
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▼
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❾
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◆
✵✾✣✮✭✪✹✻✺✦❆❩P◗✫✮✜
❾
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✹✻✭❲❏❍✜❡❀t✵❤✧★✜✬✭✪✵❑❀❩✜q✣✽✵✾✺✮✿▲❀t✵①✣✮✜✬✫❣✇✦❆❁❨✬❏❡✜■✩✒✹✻✫✮✩
◆
✜✗✣✦✫ ✩❵✵❑❀❁✹✻✭✪❆❁❏❍❨✍✧★✭✪✜q✥✒❀❩✜✬✩✍✧★✭❲✹✻❏■✵✾●✻✺✮✥✒✧✪❆❩P◗✫✮✜
Rη
➌➲✇❖❺✻➍❸❘✢❴✻✹✻❆❁✭
▼
✵❑✭★✵❑●❑✭★✵
▼✮◆
✜➐❝❱❳❊➸✻❳❊➸✏➌❷❴❑✵✾✭✪❆t✵✾❂✮❀❩✜❢✣✮✥✍❉✽✺✮❆❩✜✷✩✬✹❑❏❍❏❡✜í❀➆❄❇✥✒✺✮✜✬✭❲●✻❆❩✜❢✣✮✥
▼
✹❑✿✪✥✬✜❪✣✽✵❑✺✮✿✤✫✮✺❞✩✬❀❁✫✮✿❲✧✪✜✬✭
3× 7 ✵❑✫✦✧✪✹✻✫✮✭
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▼
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▼
✹✻✿✪✥✒✜r✣✽✵❑✺✮✿✤✫✮✺❞✩✬❀❁✫✮✿❲✧✪✜✬✭
7× 7 ✵✾✫✦✧★✹✻✫✦✭❛✣✮✜í❀t✵
❏❡❙✬❏❡✜♥✩✬✜✒❀❩❀❁✫✮❀❩✜❵➍
✷➦➃ ✹✻✺✽✼✬➡❅↔ ➣➂➠✍➓✲➛✏➝✮➩❺➓❢➤✮➦❽➣➐➓✬→❽➣➐➓❽➥❑➠✸➧❛➨➫➩✢➧♥➒
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✹✻✭❲❏❍✜❍❀t✵✾✧✪✜✬✭✪✵❑❀❩✜❍✣✽✵❑✺✮✿▲❀❩✵
▼
✭❲✜✬❏❡❨✬✭✪✜✏✩✒✹✻✫✮✩
◆
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❘➫P❣✫✦❆✖✭✪✜❸ï
▼
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▼
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▼
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▼
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▼
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▼
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▼
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▼
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▼
✵❑✭❚✜❸✇✦✜✒❏
▼
❀❩✜♥✵❵❴✻✜✒✩❢✫✮✺✮✜❢✩✬✹✻✭❲✭✪✜✒✩✒✧★❆❁✹✻✺
▼
✵❑✭❚✭✪✵
▼✮▼
✹✻✭❲✧
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ë
✜✬✿✡✣✮✥✍✧❭✵❑❆❁❀❩✿❚✣✮✫✏❉✽❀❊✧★✭❲✜♥✣❥❄❇✥✍❴✻✥✒✺✮✜✬❏❡✜✬✺❈✧★✿❛✿✪✜✬✭❲✹✻✺❈✧
▼
✭✪✥✒✿✪✜✬✺❈✧✪✥✬✿✲✵✾✫①✩
◆
✵
▼
❆❁✧✪✭✪✜➁❝❱❳
ë
✜✬✿✰✣✮✥✒✩✬❀❁✜✬✺✮✩
◆
✜✒❏❍✜✒✺❈✧★✿
▼✮◆
✹❑✧✪✹✻✺✮✿❻P◗✫✮✜❃❀✈❄✴✹✻✺
▼
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◆
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> 1033cm−2s−1
➍❼✿❲✹✻✺❈✧
●
✳
❡▲✜✒✧✤Ù✾●◗Ù✶❡❑❆✈❳❱Ó❃✜♥✣✮✜✒✭✪✺✮❆❁✜✬✭❚✣✮✥✒✩✬❀❩✜✒✺✮✩
◆
✜✒❏❍✜✒✺◗✧✬❘✽P◗✫✮❆❥✿✪✜✒✭★✵r✫✦✧✪❆❩❀❩❆❁✿✪✥
▼
✹✻✫✦✭✖❀✈❄❇✵❑✺✽✵❑❀
❖
✿✪✜♥Ò → γγ ❘✮✣✮✜✒❏■✵✾✺✮✣✮✜♥✣✮✜✒✫❱✇
Ö➢✹✻❆❁✿✤Ù❞❡❑❆✈❳
ë
✜
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❆❩●❍Ù❱❳❊➸✡❥
➔
➸✬ó❞→✆✭✪✜
▼
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✜✒❏❍✜✒✺❈✧
▼
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▼
✫✮✭❲✜
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✲
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▼
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✵
▼
✭✪❨✬✿✡✩
◆
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▼
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ë
➸ ➸❵ó❫❡ ± ❥❡Ò✸×
ë
Ù ó✮❳✦❺ ± ➸✻❳ ✳ Ò✸×
✉❋Ø
➸✻❳
✳ ± ➸íÒ✤×
✎✝✏✵✒❺➵
Ù❱❳④✇
❾✷✶
➃❑➈✹✸✏➋
⑤✻✺❵⑤
⑦
➎❪➑①⑧❭➊
➃❈➇✬➈
⑤
❶✽⑩✖✕
⑤
➃❑➈✐➋❑➈✐⑦➂⑨❸⑩❊➄➅➄
⑤
⑨
➏✽❿
➈❣⑨❢➈❱❶
⑤♥④
➈❱➀r⑩❷❶
❿➅➎
⑩❷⑦➐⑥❪➋
⑤
1033 cm−2s−1
✘✛✚✼✩✁✣✽✭
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▼✮◆
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◆
✵
▼
❆❁✧★✭❲✜➁❝❱❳
✾❀✿✁❁ ❂❄❃✽❅
✓❇❆❉❈❋❊
❃
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❃
✑P● ◗❖■✙◆❘◗✏✑❍●❙●✏✕❚■✙◆❘❯ ✑P●❱❊❲■❨❳❬❩❭❈❋❑✓❆✍✑
◗❫❪➐✘✛✚❵❴❧✘
❂
➓
✧
◆
✜✬✺✽✵
➔
Ù❫❝✗→✦✜✬✿❲✧❻✫✦✧★❆❁❀❩❆❩✿❲✥
▼
✹✻✫✮✭➫❀t✵✸●✻✥✬✺✮✥✒✭★✵✾✧✪❆❩✹✻✺❪✣✮✜✬✿❻✥✍❴✻✥✒✺✮✜✬❏❡✜✬✺❈✧★✿✒❘
▼
✹❑✫✮✭❺❀❩✵✤✿✪❆❁❏▲✫✮❀❩✵✾✧★❆❁✹✻✺í✣✦✜✬✿❻✥✍❴✻✥✬✺✦✜✬❏❡✜✬✺❈✧★✿
✵❵❴✻✜✒✩❙↕❢✜✬✵❑✺❈✧★ó
➔
Ù
✳
→➆❘❅❀❩✵❍✣✮❆❁●✻❆❁✧✪❆❩✿★✵❤✧★❆❩✹❑✺①✜✍✧♥❀t✵❍✭✪✜✬✩✒✹✻✺✮✿❬✧★✭✪✫✦✩✒✧★❆❁✹✻✺❦P◗✫✮❆❻✣✮✹❑✺✮✺✮✜▲✣✮✜✒✫❱✇❞Ö➢✹❑✭✪❏❍✵✾✧★✿✒❘✶❀❁✜✬✿
✉❯✱
î ➌
✉
❴❑✜✬✺❈✧
✱
✫✦❏❍❏❍✵❑✭
❖
î✲✵✾✧★✵❈➍✖✜✒✧✤❀❩✜✬✿
➓
➥♥î ➌
➓
✺✮✵❑❀
❖
✿✪❆❁✿✒➥♥❂◗♦❲✜✬✩✒✧❛î✲✵✾✧★✵❈➍✖P◗✫✮❆✆✹✻✺❈✧✤✫✦✺✮✜í❆❁✺✦Ö➢✹✻✭❲❏■✵✾✧✪❆❩✹✻✺❍✭✪✥✒✿✪✫✮❏❡✥✬✜■➌➂P◗✫✮❆✆✜✬✿❬✧
✫✦✧✪❆❩❀❁❆❩✿✪✥❚❀❩✵
▼
❀❩✫
▼
✵❑✭❲✧❯✣✮✫❡✧★✜✬❏
▼
✿❯✣✽✵❑✺✮✿❯✩✬✜✍✧✪✧✪✜✤✧
◆
❨✬✿✪✜❵➍✍❘❣✜✬✺
▼
✵❑✭❲✧✪❆❩✩✒✫✮❀❩❆❁✜✬✭❻❀❁✜✬✿❯✩❵✵❑✺✮✣✦❆❩✣✽✵✾✧✪✿
▼✦◆
✹❑✧★✹❑✺✮✿☞P◗✫✮❆➔✿❲✹✻✺❈✧❃✣✽✵✾✺✮✿
ñ
◆
✹❑✧✪✹✻✺➔Ó❃✹✻✺❈✧★✵❑❆❩✺✮✜✒✭❛✜✍✧✲✜✬❀❁✜✬✩✍✧★✭✪✹❑✺✮✿✲P◗✫✮❆❼✿✪✹✻✺❈✧♥✣✽✵✾✺✮✿
✉
❀❩✜✒✩✒✧✪✭✪✹✻✺➔Ó❃✹❑✺◗✧★✵❑❆❩✺✦✜✬✭r➌❷❴✻✹✻❆❊✧❛✩
◆
✵
▼
❆❁✧✪✭✪✜➐❝❱❳❁➸➅➍✍❳❅Ó❃✹✻❏❍❏❡✜✷✹✻✺
❴❑✜✬✭✪✭✪✵
▼
✵❑✭✸❀t✵q✿✪✫✦❆❁✧★✜✾❘✶❀❩✵❡P◗✫✽✵✾✺◗✧✪❆❁✧✪✥í✣✮✜í❏■✵❤✧★❆❩❨✒✭✪✜❢✿✪❆❁❏▲✫✮❀❁✥✬✜✷✥✒❴✻✹❑❀❩✫✮✜í✵❵❴✻✜✬✩❪❀❩✜✬✿✸✣✮❆❊Ú❅✥✒✭✪✜✬✺❈✧✪✜✬✿❛❴❑✜✬✭✪✿❲❆❩✹✻✺✦✿❛✣❥❄
➓
✧
◆
✜✒✺✽✵
✜✍✧✤✣✦✥✒❴❣❆❩✜✒✺◗✧✸✣✮✜
▼
❀❁✫✮✿✡✜✬✺
▼
❀❩✫✦✿❚✭✪✥❵✵✾❀❩❆❩✿❬✧★✜✾❳
✾❀✿❜❛ ❝❞❃❢❡
✕❏❑✵■✙●❱❊❲■✙◆❣◗❇■✙◆❲▼✝❑
❃✽❤
❊
❃
✑P●❖◆✷◗✔✓✐◗✏✕❏❊❲■✙▼✝❊❲■✡✓❥❑ ✓❥❊
❃
❆
❃
◆✢✕❚■✙◆❦◗❖❈❍●❖◆❧❆✢❪✛❈♠●❙❈✰❳
❆❢♥♦◆✂■
î❛✜
▼
✫✮❆❩✿❺❀❩✜
✯
î
❾
➌÷➸✡❦❫❦❫❦✻➍✍❘➅✫✮✺✮✜☞✺✮✹✻✫✦❴❑✜✬❀❁❀❩✜❯●✻✥✬✹✻❏❡✥✒✧✪✭✪❆❁✜☞✣✮✫í✣✮✥✒✧✪✜✬✩✍✧★✜✬✫✦✭✰✵❛✥✒✧✪✥❃✿❲❆❩❏▲✫✮❀❁✥✬✜❋✜✒✧❺✫✦✧★❆❁❀❩❆❁✿✪✥✬✜✾❘❽✵
▼✮▼
✜✬❀❁❀❩✥✬✜
î♥Ó❛➸✽♣ ➌➆î❛✵✾✧❭✵ÐÓ
◆
✵❑❀❁❀❩✜✬✺✦●✻✜ ➸❽➍✍❳✸Ó❃✜✍✧✪✧✪✜❧✺✮✹❑✫✦❴✻✜✒❀❩❀❩✜♠✿❲❆❩❏▲✫✮❀❩✵✾✧★❆❁✹✻✺ ✵❵❴✾✵❑❆❁✧✔✩✒✹✻❏❡❏❍✜❦❂✮✫❱✧❜✣✮✜♠✣✮✥✒✩✬✭❲❆❩✭✪✜♠✣✮✜♠Ö➂✵❑✼✒✹✻✺
▼
❀❁✫✮✿✡✭✪✥✬✵❑❀❩❆❁✿❲✧★✜♥❀❁✜❢✣✮✥✒✧✪✜✬✩✒✧✪✜✬✫✮✭✒❳❅ñ➫✵❑✭✡✜✍✇❱✜✬❏
▼
❀❁✜❑❘➔❀❩✜✒✿✸❂❝✹✻✫✮✩
◆
✹✻✺✮✿✸✣✮✫❜✩✬✵❑❀❩✹✻✭❲❆❩❏❡❨✒✧✪✭✪✜✲✥✒❀❩✜✬✩✍✧★✭❲✹✻❏■✵✾●✻✺✮✥✒✧✪❆❩P◗✫✮✜♥✹✻✺❈✧✸✥✒✧✪✥
✣✮✥
▼
❀t✵✾✩✬✥✬✿❪✣✮✜✗ó❞✩✒❏
▼
✹✻✫✮✭í❀t✵❑❆❁✿✪✿✪✜✒✭í✣✦✜✗❀t✵
▼
❀t✵❑✩✒✜✗♣❜❀❩✵✐✿❲✹✻✭❲✧✪❆❩✜■✣✦✜✬✿▲✩✬✵❑❂✮❀❩✜✒✿✬❘❼❀❩✜✒✿▲✩✬✜✒❀❩❀❩✫✦❀❩✜✬✿✷✣✮✜✒✿▲❂✶✹❑✫✮✩
◆
✹✻✺✮✿❪✺✮✜
q ✚❅✆✔✢➆✢➲✆✟☛➲✱④ ☞ù✗✖✙✘❃✢➲✱❫ø✛✜✮✘✄➯❅✢✓➯✟☛➂ù✗✱✦✯✰✱④✆✟✕✶✘❸ú❥ù✗✜✗✆➧☛➲✱④ ☞ù✗✖✙✘❃✢➲✱❫ø✛✜✁✖✦➯✔✲✛✠❲ú➲✆☎ ✄✆✔✜✣✢✵ ❃ø✡✞✡✱sr✏➯☎✆✥✘✛✕✗✕❞✆✔✖✦✖④➯☎✆➧➻❻þ❬t
➒➔➓✒→❽➣➂↔➂↕❽➙✐➛✦➜✈✉✏➝✦➞❛↔①✇✢➦❭➠❸➓❭➙❝➣÷➓★➟❢➤✮➓★➟✍→★➠✪↔ò➡❺➣➆↔➂↕➅➙✮➟❛➤❝➥✗➤✮➦❽➣➐➓✬→❽➣➐➓❽➥❑➠í➥✮➣➂↔①②❩↔❁➟✍➦✒➓❭➟❛➤❣✼✾➙✦➟③②⑤④ ✼❤➙③✼✹②⑦⑥✦➟❸➓ ✷➩➼
▼
✹✻❆❩✺❈✧★✵❑❆❩✜✒✺◗✧
▼
❀❁✫✮✿■❴✻✜✒✭✪✿✏❀❁✜✐❴✻✜✒✭❲✧✪✜✍✇➱✜✍✧✗✫✮✺✮✜❦P◗✫✽✵✾✺◗✧✪❆❁✧✪✥❞✣✮✜❞❏❍✵✾✧★❆❁❨✬✭❲✜✐✿❲✫
▼✮▼
❀❁✥✬❏❡✜✬✺❈✧❭✵❑❆❁✭✪✜❜✵ ✥✒✧★✥❜✭★✵❽♦❲✹✻✫❱✧★✥✬✜❞✵❑✫
✣✮✥✍✧★✜✒✩✒✧★✜✒✫✮✭q❆❩✺❈✧★✜✒✭✪✺✮✜✾❳
ë
✵❞✺✮✹✻✫✦❴❑✜✬❀❩❀❁✜✏✣✮❆❩✿❬✧★✭❲❆❩❂✮✫✦✧✪❆❩✹✻✺❧✣✮✜✔P◗✫✽✵❑✺❈✧★❆❊✧★✥✏✣✮✜✏❀❩✵❞❏■✵✾✧✪❆❩❨✒✭✪✜❦➌➢✫✦✧★❆❁❀❩❆❁✿✪✥✬✜❍✣✽✵❑✺✮✿q❀➆❄❫✵❑✺✮✵❑❀
❖
✿✪✜
▼
✭❲✥✬✿❲✜✬✺❈✧★✥✒✜▲✵❑✫
▼
✵❑✭✪✵❑●✻✭✪✵
▼✮◆
✜íÙ❱❳❫Ù❱❳❊➸✻❳❇ó❈➍❃✜✬✿❲✧
▼
✭❲✥✬✿❲✜✬✺❈✧★✥✒✜❪✿✪✫✦✭✸❀❩✵
Ø
❆❩● Ù❱❳❊➸✡❦
➔
Ù❞✇✗→✈❳
❾
✥✬✩✬✜✒❏❍❏❡✜✬✺❈✧✬❘❣✫✦✺✮✜✡✺✮✹✻✫✦❴❑✜✬❀❩❀❁✜
▼
✭✪✹❣✣✮✫✮✩✍✧★❆❩✹❑✺❡✣✦✜✤✣✮✹❑✺✮✺✮✥✬✜✒✿❃✵❢✥✒✧✪✥✡✜✬✺❈✧★✭❲✜
▼
✭❲❆❩✿✪✜✾❘❣✵
▼✮▼
✥✬❀❩✥✒✜✤Ó
✱
Ó ➌✈Ó❃✹❑❏
▼
✫❱✧★❆❩✺✦●
✱
❖
✿❬✧★✜✬❏ Ó❃✹✻❏❡❏❍❆❁✿✪✿❲❆❩✹✻✺✮❆❁✺✮●◗➍❸❳
ë
✵✐●✻✥✒✹✻❏❍✥✍✧★✭❲❆❩✜❡✫✦✧★❆❁❀❩❆❩✿❲✥✬✜
▼
✹✻✫✮✭✷✩✬✜✒✧❲✧★✜
▼
✭✪✹❣✣✮✫✮✩✒✧✪❆❩✹✻✺❧✣✮❆❁Ú✶❨✬✭❲✜❍✣✦✜■✩✬✜✒❀❩❀❁✜❍✣✮✜■î♥Ó❛➸
➔
➸✡❦✶→Ôï
➔
Ù❣➸✳→❋②
➸❑❳✸✫✦✺✮✜❞✩✬✹❑✫✮✩
◆
✜❞✿❲✫
▼✮▼
❀❁✥✬❏❡✜✬✺❈✧❭✵❑❆❁✭✪✜①✣✮✜
▼
❆Ô✇❱✜✬❀❩✿❍✵➉✥✍✧★✥❜✭✪✵❽♦❲✹✻✫✦✧✪✥✬✜❦✵✾✫ ✣✮✥✍✧★✜✬✩✍✧★✜✒✫✮✭✏❆❩✺❈✧★✜✒✭✪✺✮✜ ➌➂❀❩✵③✧★✭❲✹✻❆❩✿❲❆❩❨✒❏❍✜
✩✒✹✻✫✮✩
◆
✜✷✺❥❄✴✥✒✧★✵❑❆❁✧
▼
✵✾✿✸❆❁✺✮✩✬❀❁✫✮✜✲✣✽✵✾✺✮✿✤❀❩✵▲●✻✥✬✹❑❏❍✥✍✧★✭✪❆❁✜♥î♥Ó❛➸❽➍
Ù❣❳✸✫✦✺✮✜
▼
❀❩✫✮✿✡●✻✭✪✵❑✺✮✣✮✜♥P◗✫✽✵✾✺◗✧✪❆❁✧✪✥✷✣✦✜✷❏❍✵✾✧✪❆❩❨✬✭❲✜♥✵q✥✒✧★✥❢✿❲❆❩❏▲✫✮❀❁✥✬✜
✇❱❳✸✹❑✺✔✵q✥✒●❈✵❑❀❁✜✬❏❡✜✬✺❈✧✖✿❲❆❩❏▲✫✮❀❁✥✲✫✮✺
▼
✹✻✿✪✿❲❆❩❂✮❀❁✜✲✣✮✥✒✿★✵❑❀❁❆❩●✻✺✮✜✒❏❍✜✒✺❈✧❚✣✮✫✔✣✮✥✒✧✪✜✬✩✍✧★✜✬✫✦✭
▼
✹✻✫✮✭☞❴✻✹✻❆❁✭✖✿✪✜✒✿✸✜✍Ú❅✜✍✧★✿❚✿❲✫✮✭❚❀❩✜✒✿
❏❡✜✬✿❲✫✮✭✪✜✒✿
✱
✫✮✭❍❀t✵
Ø
❆❩● Ù❱❳❫Ù❞❡❧✹✻✺ ❴✻✹✻❆❊✧■❀❁✜✬✿❍✺✮✹✻✫✦❴❑✜✬❀❩❀❁✜✬✿❍✣✮❆❩✿❬✧★✭✪❆❁❂✮✫✦✧✪❆❩✹✻✺✮✿q✣✮✜✐❏■✵❤✧★❆❩❨✒✭✪✜✾❘
▼
✹✻✫✦✭■✫✮✺✮✜✐●✻✥✬✹❑❏❍✜✍✧★✭✪❆❁✜✔✣✮❆❁✧✪✜
⑧
❆❁✣✮✥❵✵✾❀❚❡
⑧
➌
▼
✵❑✭❲Ö➂✵❑❆❊✧★✜✒❏❍✜✒✺◗✧❃✵❑❀❁❆❩●✻✺✮✥✒✜➅➍❻✜✒✧
⑧
❏❡❆❩✿✪✵❑❀✈➸
⑧
➌➢❏❍❆❁✿★✵❑❀❁❆❩●✻✺✮✥✒✜✡✵❵❴✻✜✬✩❛✣✮✜❛❀❩✵✷❏❍✵✾✧★❆❁❨✬✭❲✜✸✿❲✫
▼✮▼
❀❁✥✬❏❡✜✬✺❈✧❭✵✾❆❩✭✪✜✾❘❈❴✻✹✻❆❁✭
✩
◆
✵
▼
❆❁✧✪✭✪✜❧✇❈➍
➔
Ù✻Ù✏→➆❳❝Ó❃✹✻❏❍❏❡✜♥❀t✵r❏❍✵✾✧★❆❁❨✬✭❲✜✲✿✪✫
▼✦▼
❀❩✥✒❏❍✜✒✺◗✧★✵❑❆❩✭❲✜♥✣✮✥
▼
✜✬✺✦✣❜✣✮✜
φ
➌➂✜✒❀❩❀❩✜❢✵r✥✍✧★✥✷❏❍❆❁✿✪✜♥✫✮✺✮❆❁P◗✫✮✜✬❏❡✜✬✺❈✧✤♣
φ >
❡❈➍❸❘✮❀t✵
▼
✵✾✭❲✧★❆❁✜♥✣✮✭✪✹❑❆❁✧★✜♥✣✦✜✷❀❩✵
Ø
❆❩●❡Ù❣❳òÙ❞❡r❆❁✺◗✧✪❨✬●✻✭❲✜♥✿✪✫✮✭
φ
✩✬✜✍✧✪✧✪✜✷❏❍✵✾✧✪❆❩❨✬✭❲✜❑❳
Ó❃✜✒✧❲✧★✜♥✺✮✹❑✫✦❴✻✜✒❀❩❀❩✜✤●✻✥✬✹❑❏❍✥✍✧★✭✪❆❁✜✡✿✪✜✬✭✪✵▲✫✦✧★❆❁❀❩❆❁✿✪✥✬✜✸✣✽✵❑✺✦✿✖❀❩✜✸✩❵✵❑✣✦✭✪✜✲✣✮✜❛❀✈❄❇✵❑✺✽✵❑❀
❖
✿❲✜✤✣✦✜✬✿✖✣✮✹❑✺✮✺✮✥✬✜✒✿✸Ó
✱
Ó❛❘✦❏❍✵❑❆❁✿☞✜✒❀❩❀❩✜
✵❪✥✍✧★✥❢✵❑✩✍✧★✫✽✵✾❀❩❆❩✿❲✥✬✜✸✣✮✜
▼
✫✮❆❩✿✖✜✒✺✔✵❑✫✮●✻❏❡✜✬✺❈✧★✵❑✺❈✧❚❀t✵✷❏■✵✾✧✪❆❩❨✒✭✪✜❑❳❣➥✲✺
▼
✜✬✫✦✧✖❴❑✹✻❆❩✭☞❀t✵✷✺✮✹✻✫✦❴❑✜✬❀❩❀❁✜❛P◗✫✽✵❑✺❈✧✪❆❁✧★✥❛✣✮✜✲❏❍✵✾✧★❆❁❨✬✭✪✜
✣✽✵✾✺✮✿
➔
✳
→☞➌➢❉✽●✻✫✦✭✪✜q❺✻Ù✻➍✍❳③❿✸✺✮✜■➌➂✜✬✺✦✩✬✹✻✭❲✜➅➍❚✺✮✹✻✫✦❴❑✜✬❀❩❀❁✜✷✵❑✩✒✧✪✫✽✵❑❀❩❆❁✿★✵✾✧✪❆❩✹✻✺✏✣✦✜✒❴❣✭★✵❑❆❊✧✸✵❵❴✻✹✻❆❁✭✸❀❁❆❩✜✒✫✐✵❵❴✾✵❑✺❈✧✤❀❩✜❢✣✮✥✬❏❍✵❑✭❲✭★✵❑●✻✜
✣✮✫
ë
Ò✲Ó➱✜✒✧✸✣✮✜✒❴❣✭✪✵❑❆❁✧✡❙✍✧★✭✪✜❢✫✦✧✪❆❩❀❁❆❩✿✪✥✒✜
▼
✹✻✫✮✭❚❀❩✜✒✿
▼
✭✪✹❣✣✮✫✮✩✍✧★❆❩✹❑✺✮✿❚✫✦✧★❆❁❀❩✜✒✿✡♣q❀➆❄❫✵✾✺✽✵❑❀
❖
✿❲✜♥✣✮✜✬✿
▼
✭❲✜✬❏❡❆❩❨✬✭❲✜✬✿✡✣✮✹✻✺✦✺✮✥✬✜✒✿✬❳
✷➦✃ ✹✻✺✽✼✬➡❅↔ ➣➂➠✍➓✲➛✏➝✮➩❺➓❢➤✮➦❽➣➐➓✬→❽➣➐➓❽➥❑➠✸➧❛➨➫➩✢➧♥➒
➯☞➲❷➳❚➵
Ù❱❳❊➸✡✇
❾❥⑨✢➪
❇
❉◗➾
❇❍▼
❊✬➚❫❪
▼
❊✬➪✔❊
▲➴ö★➽
➪÷➻❃❂❯➼✻➚❡➾✍❊✣❆P❄❵➪
❇❍▲➴ö★➽
➪÷➻✤➶✂⑩✰➺➔➶■õ
❴❛❵✳❜➂➹
➒➔➓✒→❽➣➂↔➂↕❽➙✐➛✦➜✈✉✏➝✦➞❛↔①✇✢➦❭➠❸➓❭➙❝➣÷➓★➟❢➤✮➓★➟✍→★➠✪↔ò➡❺➣➆↔➂↕➅➙✮➟❛➤❝➥✗➤✮➦❽➣➐➓✬→❽➣➐➓❽➥❑➠í➥✮➣➂↔①②❩↔❁➟✍➦✒➓❭➟❛➤❣✼✾➙✦➟③②⑤④ ✼❤➙③✼✹②⑦⑥✦➟❸➓ ✷➦Ü
500 1000 1500 mm0
A3 A4 A5 A6 A7 A8 A9 A10A1 A2
BC1 BC2 BC3 BC5 BC6 BC7 BC8BC4
D0 D1 D2 D3
A13 A14 A15 A16
B9
B12 B14 B15
D5 D6
D4
C10
0,7 1,0 1,1
1,3
1,4
1,5
1,6
B11 B13
A12
E4
E3
E2
E1
beam axis
0,1 0,2 0,3 0,4 0,5 0,6 0,8 0,9 1,2
2280 mm
3865 mm =0,0
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 (GeV)γγM
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Entries  18494
Mean    119.2
RMS     2.153
Underflow       4
Overflow        6
Integral 
 1.848e+04
 / ndf 2χ
 31.64 / 10
Constant  24.3±  2410 
Mean      0.0± 119.7 
Sigma    
 0.012± 1.378 
 (GeV)γγM
100 105 110 115 120 125 130 135 1400
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 = 1.53 GeVσ
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Entries  4501
Mean      118
RMS     2.732
Underflow       4
Overflow        0
Integral 
   4497
 / ndf 2χ
 36.17 / 11
Constant  9.6±   456 
Mean      0.0± 118.8 
Sigma    
 0.030± 1.616 
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Entries  287
Mean    116.4
RMS     3.069
Underflow       0
Overflow        0
Integral 
    287
 / ndf 2χ
 6.406 / 13
Constant  2.02± 23.62 
Mean      0.2± 117.5 
Sigma    
 0.136± 1.917 
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Entries  3143
Mean    117.7
RMS     2.799
Underflow       3
Overflow        0
Integral 
   3140
 / ndf 2χ
  32.8 / 12
Constant  7.6±   310 
Mean      0.0± 118.6 
Sigma    
 0.032± 1.666 
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Entries  1356
Mean    118.5
RMS     2.498
Underflow       1
Overflow        0
Integral 
   1355
 / ndf 2χ
 6.326 / 10
Constant  6.0± 152.3 
Mean      0.1± 119.2 
Sigma    
 0.050± 1.452 
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 = 1.74 GeVσ
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↕
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❜
➆
➧
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➴
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➦
❸
❜
❧
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➎✰➌✩➎
➲
➒
➧
❧
❜
➆
❵
↕
➧
↕
➆❱➜✷➜✷Þ
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➅
➧➼➧
➇✛ç
↕
❬
➺
❚❱r✐♣✣❢✼❚✍❯✩❧①❻♠❥✫❥✿❤❄❭❩❯❃❪
➎✰➌✩➎
↔
➒
➧
❧
❜
➆
✟
↕
✟
↕
➆❱➜✷➜✷➝
➭✫➯✗➯✏➲✱➳➸➵❆➵❄➺➼➻✴➽✬➺➚➾✭➪✴➶ ➾✭➹✁➘✥➻✢➶ ➾✾➭❱➵✣➴✿➹s➯✏➷❃➺❺➬➼➹✿➶ ➲➨➮✴➵✣➱✿➾✁➾✭➹✐✃✥✃❱❐✁➾s➪✿➻✫➯✥➘✏➺➼❒✕❮✦➽✍❰ÒÖ✣ÐÒ➘✏➹s✃✥❮✦➽✍❰★ÏÑÐÒÔ✰➱✣➯✏➹s➘✗➺➚➱Ñ➬➼❮✦➽✍❰☛✃✥➬❺➺➚➽✬➹✁✃✏Ð➋➾✭➪✿➻✬Õ➀❮✦➽✍❰⑦Ó✁è✫ß
◆
è
ç
↕
❬
➺
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➎✰➌✩➎
↔
➒
➧
❧
❜
➆❱➆
↕
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↕
➆❱➜✷➜✸➝
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➧
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➅
➧
❹
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❸
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✟
➅
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❵
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❫
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❸
➈❅➌
➲
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↕
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➅
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❫
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❢✩❣❱❤✐❣✷❯ì♣✫❣✷❯✸q❱❥✫r✐❲✁❭❩❣✷❯❃❲❽❭❾❯
➈➋➊
❸
➈❅➌
➔
➅❺➆
➧
➇
❢✸❤✐❤✐❞✩❲✪Ý➚ä✷ä✕❤
é
❭
è
❭
❫
♣✫❥❆r✐❯
❫
♣✣❢✓ä✴❤
é
❭
è
❭➐ä✍➑✩❭❾❯✓ä✴q✢❭❩❥
é
ä
➈
❤❄❳❩❚❱❲✣ä
➊
r✐❭❾❪✸↔
❸
➊
❞❃❢✩❣❱❤❄❣❱❯✼↔
➵
❞✤❣
➅❺➆✷➆✴➇
➺Ú❫
❬✓❚❱❯✸❤❄❭❊❻♠❥✫❥✿❤❄❭❩❯❃❪
➎✰➌❃➎
↔
↕❄➤
❪✸❚❱❻♠❻➏❚✛❪✷❚❱❻❀❻❀❚✱❧
❜
➧
Ù
↕
➧
➜
↕
➆❱➜✷➜✸➝
➭✫➯✗➯✏➲✱➳➸➵❆➵❄➺➼➻✴➽✬➺➚➾✭➪✴➶ ➾✭➹✁➘✥➻✢➶ ➾✾➭❱➵✣➴✿➹s➯✏➷❃➺❺➬➼➹✿➶ ➲➨➮✴➵✣➱✿➾✁➾✭➹✐✃✥✃❱❐✁➾s➪✿➻✫➯✥➘✏➺➼❒✕❮✦➽✍❰
◆
ÐÒ➘✏➹s✃✥❮✦➽✍❰★ÏÑÐÒÔ✰➱✣➯✏➹s➘✗➺➚➱Ñ➬➼❮✦➽✍❰☛✃✥➬❺➺➚➽✬➹✁✃✏Ð➋➾✭➪✿➻✬Õ➀❮✦➽✍❰ÒÖ✿ÖÑè✿×Ñ×
➅❺➆
❹
➇
➒♦❫✼➩
❯✼❚✍❳✏❼❃♣❆❣✷❻♠❻
❜
❯✩❭❾♣➨❚✍❤✐❭❩❣✷❯➄❞❃r✐❭❾q❱✈✫❥
➅❺➆
❵
➇✛➌
❫
➎
❚✍❤✣❚✍❯✩❭✏❼
➺ø❫
❬✼❣✷❯✸❤✣❚✍❯✩❯✼❚❱ù✍❼
ç
❫
➃
❫➚➒➍❜
❭❩❳❾❳❩❥✿❤✰❚❱❯✩❧ ➲
❫
➃
❭❾❳❩❣✷❯
ç
↔❧➲
➃
➜✸➆❱➜
✟
Ý
➜✸➆❱Þ
❼
➆❱➜✷➜✸➆
❢❃❥✫❞
↕
❞✩❢✓ä
➜✸➆✍➜
❵
➜✸➆
❹
➃
❫
➈
❜
r✁❥✫❯✩♣✣❢❃❥❱❼
➺Ú❫
❬✓❣❱❯✯❤❄❚❱❯✩❯✼❚✍ù❱❼
ç
❫
➃
❫➼➒✪❜
❭❩❳❩❳❾❥❆❤✫❼❬➲
❫
➃
❭❾❳❩❣✷❯ú❚❱❯✩❧
➺Ú❫ÜÛ
❥❆r✐❳❾❥✫❯
➃
❢
➵
❲
❫
→t❥❆q
❫
➠
➝
❹
Ý
➜
➫
❵
➜✷➜✸➝
❼
➆❱➜✷➜✷Ù
❢✩❥✫❞
↕
❞✩❢✓ä
➜✷Ù✷➜✸➆
➧
❹✷❹
➅❺➆
✟
➇✛û
❫
➻
❚❱❪
➵
➃
❢
➵
❲
❫
→t❥❆q
❫
❸
❥✿❤✐❤
❫
Þ✷Þ
Ý
➧
➆❱➆❱➜✷➜
❹
❼
➆❱➜✷➜✷➆
❢✩❥✫❞
↕
❞✩❢✓ä
➜
➧➼➧
➜
❹
➧
✟
û
❫
➻
❚❱❪
➵
➃
❢
➵
❲
❫
→t❥❆q
❫
➠
Ù✷Þ
Ý
➜
➫
❵
➜✷➜✷➆
❼
➆✍➜✷➜
❹
❢✩❥❆❞
↕
❞✩❢✼ä
➜
❹
➜✸➝❱➆❱Ù✷Þ
➅❺➆❱Ù✍➇➢ü
❫❬➺
❥✫❳❾❳➐❚❱❧❃❣♦❻❀❥❆❥❆❤❄❭❾❯✩❪
➎✰➌✩➎
↔
↕✣➤
❪✸❚❱❻♠❻➏❚✛❪✷❚❱❻❀❻❀❚✱❧
❜
➆❱Þ
↕
➧
↕
➆✍➜✷➜✷Þ
➭✫➯✗➯✏➲✱➳➸➵❆➵❄➺➼➻✴➽✬➺➚➾✭➪✴➶ ➾✭➹✁➘✥➻✢➶ ➾✾➭❱➵✣➴✿➹s➯✏➷❃➺❺➬➼➹✿➶ ➲➨➮✴➵✣➱✿➾✁➾✭➹✐✃✥✃❱❐✁➾s➪✿➻✫➯✥➘✏➺➼❒✕❮✦➽✍❰ÒÖ✣ÐÒ➘✏➹s✃✥❮✦➽✍❰★ÏÑÐÒÔ✰➱✣➯✏➹s➘✗➺➚➱Ñ➬➼❮✦➽✍❰☛✃✥➬❺➺➚➽✬➹✁✃✏Ð➋➾✭➪✿➻✬Õ➀❮✦➽✍❰ÒÖ❆ß✿ß➨Ó✭Ø
➃
❫
ü
❥✫r✁❯✼❚✍❤✵❻♠❥✫❥❆❤✐❭❩❯✩❪❨↔✵❭❩❪✷❪❱❲✰❧
❜①❹
➜
↕
➧
↕
➆❱➜✷➜✷Þ
➭✫➯✗➯✏➲✱➳➸➵❆➵❄➺➼➻✴➽✬➺➚➾✭➪✴➶ ➾✭➹✁➘✥➻✢➶ ➾✾➭❱➵✣➴✿➹s➯✏➷❃➺❺➬➼➹✿➶ ➲➨➮✴➵✣➱✿➾✁➾✭➹✐✃✥✃❱❐✁➾s➪✿➻✫➯✥➘✏➺➼❒✕❮✦➽✍❰⑦Ósà❆ÐÒ➘✗➹✁✃✥❮✦➽✍❰☛Ï✿Ð★Ô✰➱✣➯✏➹s➘✏➺➼➱Ñ➬❺❮✦➽✍❰★✃✥➬➼➺➼➽✬➹✐✃✥ÐÒ➾s➪✿➻✬Õ➀❮✦➽✍❰ÒÖÑ×✫ß✐Ø❆Ø
➃
❫
ü
❥✫r✁❯✼❚✍❤✵❻♠❥✫❥❆❤✐❭❩❯✩❪
➎✰➌❃➎
↔
↕❄➤
❪✸❚❱❻♠❻❀❚✛❪✸❚❱❻♠❻➏❚✱❧
❜①✟
↕
❹
↕
➆❱➜✷➜✷Þ
➭✫➯✗➯✏➲✱➳➸➵❆➵❄➺➼➻✴➽✬➺➚➾✭➪✴➶ ➾✭➹✁➘✥➻✢➶ ➾✾➭❱➵✣➴✿➹s➯✏➷❃➺❺➬➼➹✿➶ ➲➨➮✴➵✣➱✿➾✁➾✭➹✐✃✥✃❱❐✁➾s➪✿➻✫➯✥➘✏➺➼❒✕❮✦➽✍❰⑦ÓsÐÒ➘✏➹s✃✥❮✦➽✍❰★ÏÑÐÒÔ✰➱✣➯✏➹s➘✗➺➚➱Ñ➬➼❮✦➽✍❰☛✃✥➬❺➺➚➽✬➹✁✃✏Ð➋➾✭➪✿➻✬Õ➀❮✦➽✍❰★×✿Ï✿Ï
◆
à
➅❺➆✷➝✴➇
➺Ú❫❬➺
❚❱❯✩❪✷❚❱❯✩❣✩❼❺❬
❫
➃
❭❾♣✫♣❆❭❩❯✩❭❾❯✩❭✏❼
➈
❫
➃
❣✷❳❾❣✷❲❄❚❴❼
➺Ú❫❬➺
❣✷r✁❥❆❤✁❤❄❭ý❚✍❯✩❧ →
❫
➃
❭♥❤✐❤✣❚
❜
ç
↔❧➲
➃
➜
❹
➜✸➝
❼
➜✷➜
➧
❼
➆❱➜❱➜
❹
❢✩❥✫❞
↕
❞✩❢✓ä
➜✷➆❱➜✷Ù✸➆
➫
❹
➅❺➆❱Þ✍➇
❬
❫
➃
❣✷❳❾♣✫❭❊❻♠❥✫❥✿❤❄❭❾❯✩❪❨↔❽❭❾❪✷❪✷❲✰❧
❜
➆
➫
↕
Þ
↕
➆❱➜❱➜✸➝
➭✫➯✗➯✏➲✱➳➸➵❆➵❄➺➼➻✴➽✬➺➚➾✭➪✴➶ ➾✭➹✁➘✥➻✢➶ ➾✾➭❱➵✣➴✿➹s➯✏➷❃➺❺➬➼➹✿➶ ➲➨➮✴➵✣➱✿➾✁➾✭➹✐✃✥✃❱❐✁➾s➪✿➻✫➯✥➘✏➺➼❒✕❮✦➽✍❰ÒÖ✣×❆ÐÒ➘✗➹✁✃✥❮✦➽✍❰☛Ï✿Ð★Ô✰➱✣➯✏➹s➘✏➺➼➱Ñ➬❺❮✦➽✍❰★✃✥➬➼➺➼➽✬➹✐✃✥ÐÒ➾s➪✿➻✬Õ➀❮✦➽✍❰⑦Ó✁è
➴
è✫Ö
➅❺➆
➫
➇
➃
❣
❜
r➢❳❾❥✫❲➉❧✩❣✷❯✩❯❃✈✫❥✫❲➢♣✫❣✷r✁r✐❥❆❲✐❞✤❣✷❯✩❧✼❚❱❯✸❤✱â
❜
❯✩❥♠❳
❜
❻❀❭❾❯✩❣✷❲✐❭♥❤❄✈✱❧❃❥
1033 cm−2s−1
❚✬q❱❥✫♣❀❳❩❥❨➑✩r
❜
❭❾❤➢❧✩❥♠➟✦❣❱❯✩❧
♣➨❚➨q✷❥❆r✐❯✩❥✰❣❱❯➢❤❄r✁❣
❜
q❱❥
❜
❯✩❥➓r✁✈✫❲✁❣✷❳
❜
❤✐❭❩❣✷❯➉❥✫❯♦❻❀❚❱❲✁❲✐❥✉❧❃❥
➧
❫➼✟
➜✷Þ ± ➜ ❫ ➜
➧➼➧
➒
❥✾ëþ❥❆❤★❳❩❥✫❲☛❧✩❣✷❯✩❯❃✈✫❥✫❲★♣✫❣✷r✁r✐❥✫❲✁❞✺❣❱❯✩❧✼❚❱❯✸❤
â
❜
❯✩❥✞❳
❜
❻♠❭❩❯✩❣❱❲✐❭❾❤✐✈★❧✩❥
1033 cm−2s−1
❲✐❚❱❯✩❲⑥❳❩❥➋➑✩r
❜
❭❾❤⑥❧❃❥✞➟✦❣✷❯❃❧➉♣✫❚➨q✷❥✫r✁❯✩❥
❜
❯✩❥✜r✐✈✫❲✁❣✷❳
❜
❤❄❭❩❣❱❯➉❧❃❥
➧
❫❺❵
➝
❵ ± ➜ ❫ ➜
➧
❵
➒
❥✾ë
❫
➎
❥❆❤✁❤❄❥➉❧✩❭❾ß✺✈✫r✁❥✫❯✩♣❆❥✁ 
➜
❫
➜
❹❱❵ ± ➜ ❫ ➜✄✂✬Þ✆☎ ❯❊ã❛❥✫❲✁❤❽❞✼❚❱❲✰❤✐r✞✝✫❲t❲✁❭❩❪✷❯✩❭♥➧✼♣➨❚✴❤❄❭❾q❱❥ ❫
➃
❣
❜
r❁❳❩❥❆❲❽❧❃❣✷❯✩❯✩✈❆❥✫❲❅❲✐❚❱❯✩❲❁❞❃❭❩❳❩❥
↕
❜
❞➡❳❩❥❆❲❁r✁✈✫❲✐❣❱❳
❜
❤✐❭❩❣✷❯✩❲t❥❆❯ ❻➏❚✍❲✐❲✐❥➢♣✫❣✷r✁r✐❥❆❲✐❞✤❣✷❯✩❧✼❚❱❯✸❤❅❚
❜t➳
❤❄❭❾❧
➝
➫
➜
✟
❥✿❤
Þ✷Ù
➫
➜
❲✐❣✷❯✸❤
✂
❫➼❹
Ù✷➆ ± ➜ ❫ ➜✷➆ ❹❅➒ ❥✾ë ❥❆❤ ✂ ❫❛❵ ✂✬Ù ± ➜ ❫ ➜✄✂ ❹➍➒ ❥✾ë➞❥✿❤➋❧✩❣✷❯✩♣✉♣✫❣✷❻♠❞✼❚✍❤✐❭❩➑✩❳❾❥✫❲✟ ✗❧✩❭♥ß✌✈❆r✐❥✫❯❃♣✫❥➓❧✩❥ ➜ ❫ ➜ ✟✍❵ ± ➜ ❫ ➜✸➆❱Ù✠☎ ❫
➅
❹
➜✍➇➉➈➋➊
❸
➈➍➌❝➎
❣✷❳❾❳➐❚❱➑✤❣✷r❄❚✴❤❄❭❩❣❱❯ø❼✌❯✩❣❱❤❄❥
➎✰➌✩➎
❼
➔
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